.
X-ray photoelectron spectroscopy (XPS) on LbL-ITO with Cu-3G and PLL.
Figs. S1-S20.
Electronic Supplementary Material (ESI) for Chemical Science. This journal is © The Royal Society of Chemistry 2016 Table S1 . XPS surface composition of LbL-ITO made with 20 deposition cycles of Cu-3G and PLL. There is high carbon content on the surface as would be expected for a PLL coating. The peak at 284.8 eV is related to the C-C/C-H bonds (Fig. S1A) . The peak at 286.0 eV is typical for carbon in C-O as well as for C-N and C=N bonds, S1-S3 while the 287.8 eV peak can be assigned to the carbon in C=O bonds of amide groups. S1-S3 A small (barely detected) C 1s peak appears at 290.1 eV that may indicate the presence of some O-C=O groups. The copper content was determined both by the presence of Cu 2p (Fig. S1B ) and by the Cu LMM peaks (Fig. S2 ). The Cu 2p peak is observed at 933.1 eV while the position of the Cu 2p 3/2 and a slightly visible shake up peak is at ~942 eV. These are typical for the Cu(I) state, S4 however Cu(II) is known to be sensitive of the reductive environment of ultra-high vacuum conditions.
For a better understanding of the chemical environment of copper, the modified Auger parameter was calculated using the following formula: α' = E k (C 1 C 2 C 3 ) + E b (C), where
is the kinetic energy of the Auger transition involving electrons from C 1 , C 2 and C 3 core levels and E b (C) is the binding energy of the core level C. S5 The ' = 1846.6 eV value is typical for the copper in organic environment in the presence of nitrogen, S6 and thus confirms the presence of Cu bound by peptide nitrogen atoms (see also ref. 34).
The majority of the oxygen content originates from inorganic compounds such as oxides, hydroxides or phosphates (Fig. S1C) . The oxides and hydroxides are components of the ITO substrate, while phosphate is built into the film from the buffer solution in accordance with OWLS findings. Supporting, a peak appears at 132.5 eV characteristic for P 1p and 2p in phosphate (Fig. S3 ). This value corroborates the presence of phosphate and clearly attributes some of the oxygen at 530.8 eV to the phosphate. S7 The presence of P in the composite can be The O 1s peaks appearing at higher binding energies can be assigned to the oxygen in organic compounds. The O 1s at 531.7 eV is a characteristic for the O=C bond and the 532.9 eV signal is ascribed to OC bonds. S7 Nitrogen content was detected at peak energies that are typical for an organic environment (Fig. S1D) . The peaks at 400.0 eV and 401.3 eV are assigned to the N 1s, the minor peak at higher binding energy (401.3 eV) is typical for the alkyl ammonium ions S8 confirming that lysine terminal amines of PLL are in part protonated.
Altogether these results indicate that LbL buildup among the above conditions leads to saturation of anchoring sites at PLL with the increasing number of complex additions. Figure S1 . Recorded and fitted XP spectra of (A) C 1s, (B) Cu 2p, (C) O 1s and (D) N 1s measured on ITO after 20 deposition cycles of Cu-3G and PLL (for data see Table 1 , pH = 7.5, 0.5 mM bulk Cu-3G concentration, the final cycle of deposition is that of Cu complex). Figure S2 . XP spectrum of Cu LMM. Figure S3 . XP spectra part of P 2p 1/2 and 2p 3/2 , at energies that are typical for phosphate. 
Foot-of-the-wave analysis (FOWA)
. FOWA renders catalytic current to the activated proportion of the catalyst generated by polarization of the electrode according to eq.
(1), In the present study the aim was to find conditions where the systems are sustained in a state that allows the catalyst molecules remaining linked with the polyelectrolyte at the electrode surface and degradation is not yet a significant factor. According to the FOWA method, eq. (1) was applied to analyse CV curves.
For the successful application of FOWA two parameters,  0 cat and E 0 cat had to be determined first. The surface density could be estimated from OWLS data (Fig. 1 , see Table S2 ) and E 0 cat from square wave voltammetry (SWV) experiments. SWV on ITO pieces layered with Cu-3G/PLL/phosphate or Cu-2GH/PAH/phosphate was performed at pH = 10.55 (Fig. S16 ) in 0.1 M NaClO 4 electrolyte (phosphate was only present within the surface film). The Cu-3G/PLL combination showed current peak at 1.12 V, whereas the Cu-2GH/PAH signal appears at ~1.14 V (as shoulder), both sitting on top of an increasing current wave. These potential values can be associated with an altered complex form (see mechanism proposal and cycle B in Scheme 5) and correspondingly, with E 0 cat that is applied in FOWA as the oxidative transition triggering the catalytic event (note that k cat values stand for cycle B of the proposed mechanism, because the initial processes that precede sustainable electrolysis do not participate in it).
Note that the k cat value of 8.36 s -1 at pH = 10.98 lags behind that for the homogeneous system for Cu-2GH. In part this can be attributed to the difference between GCE and ITO (previous studies mention that catalysis can be 8 times faster at GCE than at ITO, 18 but according to our experimental findings the difference is rather due to a shift in the mechanism in the presence of polyelectrolyte (Scheme 5). Table S2 . Bottom: the same analysis for the Cu-2GH/PAH/phosphate system built with increasing number of deposition cycles (orange: 15, red: 8, green: 5, blue: 1). Associated data and conditions are indicated in Table   S2 . Table S2 . 
